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This study investigated junior high school students* 
use of problem-solving heuristics and metacognitive processes and the 
relationships that might exist between the students' use of these 
processes and their cognitive style. Using a computer microworld 
called "Nirabot" based on the ancient gaine of Nim, 10 seventh- and 
eighth-grade students' problem- solving heuristics and metacognitive 
activities were observed during game sessions via audiotape and a 
record of the student's key strokes. The various heuristics and 
metacognitive activities utilized were identified and listed, 
cognitive style was measured as a score on the Group Embedded Figures 
Test to determine the students' location along the 

field-dependent-independent continuum. General conclusions related to 
heuristic utilization included: (i) junior nigh students use the 
heuristics of trial-and-error, look-f or-a-pattern , draw-a-diagram, 
compare-and-contrast-data, account-f or-all-possibilities , 
simplify-the-problem, break-set, and 

work-forward-in-solving-a-problero; (2) all but one student used the 
trial-and-error heuristic; and (3) all students utilized the 
work-forward heuristic. General conclusions related to metacognitive 
processes utilization include the following: (l) all students 
selected a strategy to help them understamd the problem; (2) all 
students focused initially on not losing the game; (3) all students 
at times were inefficient in monitoring conclusions and 
generalizations they made while playing the game; and (4) none of the 
students utilized a highly nonproductive strategy. Interactions 
between the students' field-dependence- independence and their use of 
heuristics and metacognitive activities were noted. (15 references) 
(HDH) 
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students^ Cognitive Styles and Their Use of 
Problem-solving Heuristics and Metacogni t 1 ve Processes 

Purpose and Significance 
This study investigated Junior hi^ school students' use of 
problem-solving hueristics and metacogni tive processes and the 
relationships which might exist between the students' use of 
these and their cognitive style. Since the late 1970's, few 
other topics in mathematics eAicatlon have received the attention 
that problem solving has received. That focus continues today 
with problem solving being the first standard for each 
grade- level category in the National Council of Teachers of 
Mathematics Curriculum and Eval uation Standards fnr School 
Mathgmattfrg (1989). 

In spite of the energy and wisdom that has been devoted to 
improving the problem-solving ability of our students* many 
ec^cators feel the results are disappointing. Mathematics 
educators have come to realize that problem solving is more than 
knowing the heuristics that can be applied to a situation. As 
Lester U983) has stated, "more is involved than possessing a 
repertoire of skills, facts, algorithms, and strategies .... 
This repertoire is essential, but not sufficient" Cp.43>. 

Many educators and researchers believe that students' 
metacogni tive abilities and subsequent activities may provide the 
missing links that account for the mental activity that goes into 
successfully applying and evaluating these problem-solving 
strategies. The Standard^ frequently suggests and encourages a 
concern for metacognitlon. Included in the Problem Solving, 
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Communication, and Reasoning Standards are goals which envision 
that students win be able to "reflect on the process and how It 
relates to prior problems" <p.76>» "evaluate appropriate 
strategies* Cp.77>, "reflect on and clarify their own thinking 
about mathematical Ideas and situations" (p. 78), and "validate 
their own thinking" <p.81>. AH of these goals are metacognl t Ive 
In nature. In that they focus on the learners' knowledge 
concerning their own cognitive processes. I.e., knowledge about 
their knowledge (Sternberg, 1985). 

The cognitive and learning styles of learners have long been 
of interest to educational researchers. It would seem that if a 
learner's cognitive style describes how s/he Is able to Identify 
the parts of a structure and place his/her organizational scheme 
onto It, then this style should also affect how that learner 
perceives and structures (controls) his/her own cognitive 
processes. Stice (1987), In writing about problem solving, 
metacognl t Ion, and the use of cognitive style Indicators, states 
that he is "convinced that application of these Instruments can 
be of great help to anyone who truly wants to help students 
learn" <p.l06). 

Conceptual Framework 
Considerable research has been done on pr(^Iem solving In an 
instructional setting. Many researchers (Kraus, 1982t Kantowskl, 
1977; (k)ldberg, 1975, Schoenfeld, 1982) have found that teaching 
students strategies does indeed improve their probl em-sol vl ng 
ability. However, It may not be sufficient to make students good 
problem solvers (Hatfield, 1978; Lester, 1983; Schoenfeld. 1983). 
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In many studies (Schoenfeld* 1982} Thomas and Grouwsp 1984; 
Jensen, 1987), develc^ing an awareness of and a concern for 
metacognit Ive processes In the students benefitted them In their 
problem- solving tasks. 

Some students appear to be more Inclined and able to use a 
variety of heuristics and to monitor the effectiveness of their 
chosen strategies. A student ^s cognitive style could have an 
effect on this ability. Although learners' cognitive styles have 
long been studied by educational researchers, results are 
frequently Inconclusive. Wltklns' well-known 
fie Id-dependence- Independence construct Is one of the cognitive 
styles often Investigated In studies of mathematics learning 
CThreadgll 1-Sowder and Sowder, 1982« Onyejlaku, 1982>. Many 
studies show f lei d- Independent students more successful on the 
outcone measures. However, there have also been condHlons under 
which field-dependent students out-performed f ield- Independent 
students (Threadgl ll-Sowder and Sowder. 1982>. It would seem 
likely that a learner's cognitive style will affect not only 
his/her use of problem-solving strategies, but also the use of 
metacognit Ive processes In choosing, monitoring, and evaluating 
these strategies. 

Examining stu^lents' problem-solving and metacognl 1 1 ve 
activities can be carried out in a variety of settings. 
E. A. Sliver C1985> pointed out that "the con^uter can be used as 
a tool to create environments In which pec^le can be given the 
opportunity to think mathematically and solve challenging 
problems' Cp.263>. Games and game situations provide these 



microworlds In which students are able to use and display their 
problem-solving and metacognl t ive abilities. 

Mlcroworld Game Situations 

A game which provides a rich environment for using many 
different problem-solving heuristics was used In this study. It 
Is challenging to players, but not so difficult as to frustrate 
or discourage them. Nlmbot is a conputer mlcroworld based on the 
ancient game of Nlm. On the screen are three rows of robots with 
5, 4, and 3 in the rows. A student plays against the computer, 
with each taking alternate turns removing any number of robots In 
a single row. The player^s objective, of course, is to force the 
con^uter to take (shoot) the last remaining robot on the screen. 

Research Questions and Procedure 

This research made use of the above described microcomputer 
game situation presented to young people, age 12 and 13. By 
observing their interactions with these games. It was possible to 
address the following questions: 

(1> What are the different problem-solving heuristics 
Junior hlg^ school students use in a game situation? 

C2> Do Junior high school students monitor, evaluate, and 
change the heuristics they use? 

(3) Is there a relationship between the cognitive style of 
a student < f leld-dependent -independent ) and his/her use of 
problem-sol ving heuristics and metacognl t Ive processes? 

To Investigate these questions, 10 seventh- and els^th-grade 
students were observed as they worked Individually or In pairs to 
beat the computer in the game of Nlmbot . During each 



observation, a record was kept of the student's key strokes as 
well as an audiotape of each session. Additionally, each student 
was administered the Group Embedded Figures Test, so as to 
cetermlne his/her location along the field-dependent- independent 
c;ontlnuum. The data collected were reviewed and analyzed to 
identify problem-sol ving heuristics and instances of 
metacognitl ve activities. Categories of heur ist ics were tallied 
and changes in strategies noted. Figure 1 provides a listing of 
common heuristics used In mathematical problem-solving 
situations. As will be seen, some of the heuristics are not 
appropriate when playing the game of Ml robot . but were included in 
the initial listing. 

Common Mathematics Problem-Solving Heuristics 
Trial and Error 
Make a Table 
Look for a Pattern 
Draw a Diagram 
Restate the Problem 
Compare and Contrast Data 
Account for All Possibilities 
Simplify the Problem 
Break Set 

Write a Mathematical Sentence 
Make a Graph or Table 
Make a Model 
Work Backward 
Work Forward 



Figure 1 



A brief explanatlcn of a few of the heuristics might be 
useful at this point. Trial and Error was identified by random* 
initial moves with mlniaal subsequent analysis of the outcomes. 
Look for a Pattern was used when the playerCs) made a 
generalization about the arrangements of robots that would result 
In losing the game. When using this heuristic, s/he was able to 
see a pattern in the arrangements, draw a conclusion from It, and 
make a prediction as to the outcome of the game. Compare and 
Contrast Data was identified by instances when a player recalled 
having seen an arrangement before and noting that It led to 
losing the game, whether or not a written record was made. Paper 
and pencil were always available for the students, although only 
one pair of girls made use of them. To Account for All 
Possibilities meant that a player examined an arrangement of 
robots and was able to systematically develop all possible moves 
from that arrangement in order to predict the outcome of the 
game. The players exhibited the Simplify the Problem heuristic 
in one of two ways. The more cc»ianon way was to eliminate an 
entire row of robots to make the game more manageable. The other 
way was for a player to repeat the computer's moves, either 
within a game or In a following game. Work Forward meant that 
the player was able to predict one move ahead. After s/he made a 
move, s/he was able to predict what the computer was going to do 
for its next move. Break Set. In this study, was Identified when 
a player changed how a/he approached playing the game. To break 
set meant that the player changed from playing the game as trying 



not to lose to playing the gan» as attempting to get the computer 
into a known losing arrangement. 

The metacognl tive processes of the players were also 
examined. To do this, the cogni t i ve-metacogni t 1 ve framework 
developed by Garofalo and Lester (1985) was used as a foundation. 
Figure 2 presents a list of metacognl t ive activities that were 
deemed appropriate for investigation in this study. Each 
category from the Garofale and Lester framework Is Included, with 
one or two identifying activities for each. 

Metacognl tive Activities 
< taken from Garofalo and Lester, 1985) 

Orientation - Select a strategy to aid in understanding 

a problem 

Organization - Plan a course of action 
Execution - Select an appropriate strategy to carry out 

the plan 

- Monitor activities while executing the plan 
Verification ~ Evaluate the outcomes of the strategy 

- Revise or abandon nonproductive strategies 

Figure 2 

Findings and Conclusions 
The analysis of the GEFT results, the audiotapes, and the 
records of the students" key strokes have revealed possible 
relationships and consistencies in students' use of metacognl tive 



processes « .id problem-solving heuristics. Table 1 summarizes the 
data for this study. The left side of the table lists the 
heuristics used by any of the stuctents %^lle playing Mii^ot . As 
can be seen, nearly half of the heuristics from Figure 1 are not 
included in this table. Many of the ones not used by the 
students would not, in fact-, have been useful in this Instance. 
Across the top of the table are the students in the study, 
identified by two-letter codes. The players Identified with a 
comma between the letters indicate two students working as a 
pair. Also Included in the table are the number of games each 
student (or pair of students) played before being able to beat 
the computer, the students' scores on the GEFT, and their ^nder. 

The information revealed in Table ; appears to indicate some 
general conclusions: 

- Junior high students use the identifiable heuristics of 
trial and error, look for a pattern, draw a diagram, compare and 
contrast data, account for all possibilities, simplify the 
problem, break set, and work forward in solving a problem In a 
non-academic game environment. 

- All but one pair of players used the Trial and Error 
heuristic, at least briefly. Three of them used it only 
minimally, to begin one or two games before they utllizfcd another 
heuristic. For three players. It was their primary heuristic, 

- All of the students utilized the Work Forward heuristic. 
They were usually successful predicting the computer's next move 
when the game was within one or two moves of ending. 
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Break Set 
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Work Forward 
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X X 
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Number of Games 
Played 


12 


16 


18 


23 


19 


32 19 


10 


GEFT ScoreCs) 


14 


12 


6 


14 


13 


5 11.10 


8,11 


Gender 


M 


F 


F 


M 


F 


M F,F 


F.F 



* Lower Case x indicates minimal use of that heuristic. 

*« A(x) indicates the primary heuristic that the student used. 

Table 1 

- The three single students who relied primarily on the Trial 
and Error heuristic played more games than the other students 
before they were able to beat the computer. 

- The two most f ield-dppendent students played more games 
than the other players who used their same primary heuristic. 
This appears to indicate that It took them more games to be able 
to put a structure on the losing arrangements of robots. 

- Four of the five most field- Independent students/student 
pairs used the break set heuristic. 
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- Two of the girls working as a pair were able to beat the 
computer In the fewest number of games. They were also the only 
players to make a written record of losing arrangements and "bad" 
moves while playing the game. It appears to have been a 
successful and efficient heuristic for them. 

An analysis of the audiotapes of the students as they played 
Nimtaot provide further insights into their problem-solving 
abilities and their use of metacogni tl ve processes. Some general 
conclusions related to the metacogni t 1 ve processes listed in 
Figure 2 appear to be: 

- All of the students easily selected a strategy to help 
them understand the problem. Most chose to use Trial and Error* 
but 3&ne did not utilize it very long before they changed to a 
more efficient heuristic. 

- The inltlel course of action followed by all of the 
students appeared to focus on not losing the game to the 
cc»nputer. Pour of the students (all of whom were 

field- Independent) were able to change their plan of action to 
focus on creating a losing arrangement for the computer in order 
to win the game. Doing this utilized the break set heuristic. 

- All of the students at times were inefficient in 
monitoring conclusions and generalizations they made while 
playing the game. They clung to Incorrect assumptions regarding 
arrangements that led to their losing the game. Two o£ the 
players who held on the longest to an erroneous rule for winning 
were both fie Id- Independent . 

l2 



- To verify that they really had determined how to beat the 
computer at tUiBbOt* only the two roost field-dependent players 
played additional games to confirm their winning sequence of 
moves . 

~ None of the students utilized a highly nonproductive 
strategy. Even though Trial and Error appears to have been less 
efficient than the other heuristics, the students who used it 
were quite successful. 

In general* it appears that these Junior high school 
students were quite capable of using a variety of problem-sol ving 
heuristics to successfully play the game of Ntmbot . Furthermore, 
they demonstrated thouQ^tful planning and evaluating of the 
heuristics and the process of searching for the winning strategy. 
It also appeare that there mlglit be some possible interactions 
between the students'^ f le Id-dependence- independence and their use 
of these heuristics and metacognitive activities. 

This research was an investigation designed to build a 
foundation for the analysis of qualitative and quantitative data 
on the heuristics and metacognitive processes used by Junior high 
school students. It also looked at the possible relationship 
between one dimension of a student's cognitive style and his/her 
use of metacognltve processes to monitor, evlauate, and make 
decisions about problem-solving heuristics. The current 
information could help to focus future research on appropriate 
teaching and curricular variables. It may also lead to the 
development of computer software that encourages and assists 
students In monitoring their own cognitive processes. 
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